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1.
:
0 $c_{j}^{2}\Delta$ ) $u_{j}=F_{j}(u_{1},u_{2}, \cdots,u_{m})$ , $(t,x)\in(0, \infty)\mathrm{x}\mathrm{R}^{3}$, (1.1)
$u_{j}(0, x)=\varphi j(X)$ , $\partial tuj(0, x)=\psi \mathrm{j}(x)$ , $x\in \mathrm{R}^{3}$ . (1.2)
, $j=1;2,$ $\cdots,$ $m,$ $c_{j}>0,$ $\varphi_{j}\in C_{0}^{\infty}(\mathrm{R}^{3}),$ $\psi_{j}\in C_{0}^{\infty}(\mathrm{R}^{3})$ , $F_{\mathrm{j}}$ $F_{j}(0,0, \cdots, 0)=0$
, Lipschitz .
, ,
9 $F_{j}$ . $F_{j}$ ,




- $f_{\sim}<g:\Leftrightarrow f,$ $g$ $C$ , $f\leq Cg$
$-x\in \mathrm{R}^{n}$ , $(x)=\sqrt{1+|x|^{2}}$ .
- $a,$ $b\in \mathbb{R}$ , $a \vee b:=\max\{a, b\},$ $a \Lambda b:=\min\{a, b\}$ .
- $A$ , $\chi_{A}$ .
12. . ,
, :
( $\partial_{t}^{2}-$ \Delta )u $=|u|^{p}$ , $(t,x)\in(0, \infty)\mathrm{x}\mathrm{R}^{n}$ , (1.3)
$u(0,x)=\epsilon f(x)$ , au$(0, x)=\epsilon g(x)$ , $x\in \mathrm{R}^{n}$ . (1.4)




. , (1.3)-(1.4) , (1.3)
$(\partial_{t}^{2}-c^{2}\Delta)u=0$ , $(t, x)\in(0, \infty)\mathrm{x}\mathrm{R}^{n}$ (1.5)
(1.4) ( )
. , Strauss [24] , $p_{0}(n)$ 2
$(n-1)p^{2}-(n+1)p-2=0$ . (1.6)
, $p\mathrm{o}(3)=1+\sqrt{2}(>2)$ . , $\epsilon>0$ , (1.3)-
(1.4) , $p$ $p_{0}(n)$
.
, $1<p<p_{0}(n)$ , Sider [22] , $\epsilon>0$ , (1.3)-(1.4)
$f,$ $g$ . , $n=2$ ,
3 $p=p_{0}(n)$ , Schaeffer [21] .
, $n=3$ $p>P\mathrm{o}(3)$ , $\epsilon_{0}$ , $0<\epsilon\leq\epsilon_{0}$ $f$ ,
$g$ (1.3)-(1.4) , John [9] .
, (SG) . , ,
( , [7, 8, 2, 18, 28] ), Georgiev, Lindblad and Sogge [6] ,
$n\geq 2$ (SG) . , Strichartz
. ,
, Tataru [26] .




$f(x)\equiv 0$ , $g(x)\geq\langle x\rangle^{-\kappa-1}$ (1.7)
, $p>1$ , $\kappa<\kappa_{0}:=2/(p-1)$ , (SG)
, Tabmul.a [25] . , $p>p\mathrm{o}(n)$ ,
$\epsilon$




$Y(\kappa)=\{(\varphi, \psi)\in C^{1}(\mathrm{R}^{n})\mathrm{x}C(\mathbb{R}^{n}) : ||(\varphi, \psi)||_{Y(\kappa)}<\infty\}$ , (1.8)
$||( \varphi)\psi)||_{Y(\kappa)}=\sum_{|\alpha|\leq 1}\sup_{x\in \mathrm{R}^{n}}\langle x\rangle^{\kappa+|\alpha|}|\partial_{x}^{\alpha}\varphi(x)|+\sup_{x\in \mathrm{R}^{n}}\langle x\rangle^{\kappa+1}|\psi(x)|$
,
, $\kappa\geq\kappa_{0},$ $p>p_{0}(n)$ , $(f, g)\in Y(\kappa)$ (SG)
, $n=3$ Asakura [1], Pecher [20]; $n=2$ Kubota [17], Tsutaya [27]
($n\geq 4$ [12]).
2.
, , $c_{1}=c_{2}$ $\mathrm{D}\mathrm{e}1$ Santo, Georgiev and Mitidieri
[4]
$\{$
$(\partial_{t}^{2}-c_{1}^{2}\Delta)u_{1}=|u_{2}|^{p}$, $(t, x)\in(\mathrm{O}, \infty)\mathrm{x}\mathbb{R}^{n}$ ,
$(\partial_{t}^{2}-c_{2}^{2}\Delta)u_{2}=|u_{1}|^{q}$ , $(t, x)\in(0, \infty)\cross \mathrm{R}^{n}$.
(2.1)
, $p,$ $q>1,$ $n\geq 2$ .
$p^{*}= \frac{n-1}{2}p-\frac{n+1}{2}$ , $q^{*}= \frac{n-1}{2}q-\frac{n+1}{2}$ , (2.2)
$\alpha=pq^{*}-1$ , $\beta=qp^{*}-1$ , $\Gamma=\alpha+p\sqrt$ (2.3)
, $\Gamma$ $p\mathrm{o}(n)$ ([5], [13] ).
, (2.1)
$\{$
$(\partial_{t}^{2}-c_{1}^{2}\Delta)u_{1}=|\partial_{t}u_{2}|^{2}$, $(t, x)\in(0, \infty)\mathrm{x}\mathbb{R}^{3}$ ,
$(\partial_{t}^{2}-c_{2}^{2}\Delta)u_{2}=|\partial_{t}u_{1}|^{2}$, $(t, x)\in(0, \infty)\mathrm{x}\mathbb{R}^{3}$
(2.4)
. , $c_{1}=c_{2}$ (SG) , –
, $c_{1}\neq c_{2}$ (SG) ( , [10], [29]). , .
. , (2.1) &
, $c_{1}\neq c_{2}$ $\Gamma$ . ,
, Kubo and Ohta [14] . , $n=3$ , $c_{1},$ $c_{2}$
, $\Gamma>0$ (SG) , $\Gamma\leq 0$ (SG) . ,
,
. , (1.1)
$F_{j}(u_{1}, u_{2}, \cdots, u_{m})=\sum_{k,l=1}^{m}A_{j}^{kl}|u.k|^{p_{\dot{g}kl}}.|u\iota|^{q_{\mathrm{j}kl}}$ ,
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. , $p_{jkl},$ $q_{jkl}\geq 1,$ $A_{j}^{kl}$ . , $n=3$
. , , $j=1,$ $\cdots,$ $m$
$( \partial_{t}^{2}-c_{j}^{2}\triangle)u_{j}=\sum_{k,l=1}^{m}A_{j}^{kl}|u_{k}|^{p_{\mathrm{j}k1}}|u_{l}|^{q_{j\mathrm{t}^{\wedge}\downarrow}}$, $(t, x)\in[0, \infty)\mathrm{x}\mathbb{R}^{3}$ , (2.5)
$u_{\mathrm{j}}(0, x)=\varphi_{j}(x)$ , $\partial_{t}u_{j}(0, x)=\psi_{j}(x)$ , $x\in \mathbb{R}^{3}$ . (2.6)
. , ([15]) .
2.1. . , $F_{j}$
. , $\alpha\geq 1$
$p_{jkl}+q_{jkl}=\alpha+1$ $(j, k, l=1, \cdots, m)$ (2.7)
. , , .
, , $c_{1}=c_{2}=\cdots=$
, , $\alpha>\sqrt{2}$ (SG)
, $1\leq\alpha\leq\sqrt{2}$ (SG) . , ,
$1\leq\alpha\leq\sqrt{2}$ (SG) . ,
$F_{j}$
$A_{j}^{kk}=0$ $(j, k=1, \cdots, m)$ . (2.8)
, $F_{j}$ $(u_{k})^{2}(k=1, \cdots, m)$
.
, (2.5)-(2.6) :
$u_{j}=K_{c_{\dot{f}}}[\varphi_{j}, \psi_{j}]+L_{c_{j}}$ [$F_{j}$ ($u_{1},$ $\cdots$ , u )] in $[0, \infty)$ $\mathrm{x}\mathrm{R}^{3}$ . (2.9)
, $K_{c}[\varphi, \psi](t,x),$ $L_{c}[F](t, x)$ :
$K_{c}[\varphi, \psi](t, x)$ $=$ $\frac{t}{4\pi}\int_{|\omega|=1}\psi(x+d(v)M+\partial_{t}(\frac{t}{4\pi}\int_{|\omega|=1}\varphi(x+ct\omega)h), (2.10)$
$L_{c}[F](t,x)$ $=$ $\int_{0}^{t}\frac{t-s}{4\pi}\int_{|\omega|=1}F(s,x+c(t-s)\omega)\mathrm{A}vds$ . (2.11)
, (2.9) , :
$X=\{u=(u_{1}, u_{2}, \cdots, u\text{ })\in C([0, \infty)\mathrm{x}\mathrm{R}^{3})^{m}$ : (2.12)
$||u||x \equiv\max_{<1_{\lrcorner}\leq m}.||u_{j}||_{X(c_{j},1,\kappa-1)}<\infty\}$ ,
$||v||_{X(c,\mu,\nu)}=$ $\sup$ $\langle t+|x|\rangle^{\mu}\langle d-|x|\rangle^{\nu}|v(t, x)|.\cdot$ (2.13)
$(t,x)\in[0,\infty)\mathrm{x}\mathrm{R}^{3}$
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, $\kappa\in \mathbb{R},$ $c>0,$ $\mu,$ $\nu\geq 0$ . , .
Theorem 1. $c_{1},$ $\cdots,$ $\mathrm{q}_{n}$ , $1\leq\alpha<2$ . $(\varphi_{j}, \psi_{j})\in Y(\kappa)(i=$
$1,$ $\cdots,$ $m)$ $\epsilon:=\max 1\leq j\leq m.||(\varphi_{j}, \psi_{j})||_{Y(\kappa)}$ ($Y(\kappa)$ (1.8) ).
, (2.7), (2.8) .
(i) $1<\alpha<2$ . $\kappa\geq 2/\alpha$ , $\epsilon$ , $X$ (2.9)
.
(ii) $\alpha=1$ . $\kappa>2$ , $\epsilon$ , $X$ (2.9)
. , $\kappa=2$ , $\epsilon$
, $\epsilon$ $A,$ $B>0$
$\exp(B\epsilon^{-1})\leq T(\epsilon)\leq\exp(A\epsilon^{-1})$ (2.14)
. , $T(\epsilon)$ .
Remark. (2.5) $\mathrm{A}$ ‘ , $|u_{k}|^{p_{\mathrm{j}kl}}|u_{l}|^{p_{jkl}}$ $|u_{k}|^{p_{jk\mathfrak{l}}-1}|u_{l}|^{p_{\mathrm{j}kl}-1}u_{l}u_{2}$
, . , (i) Kubo and Tsugawa [16]
.
22. .
Lemma 1. $c>0$ . $(t, x)\in[0, \infty)\mathrm{x}\mathrm{R}^{3}$ , $r=|x|$
$\frac{t}{4\pi}\int_{|\omega|=1}g(|x+ct\omega|)h=\frac{1}{2cr}\int_{|ct-r|}^{ct+r}\rho g(\rho)d\rho$ ,
$I_{0}^{t} \frac{t-s}{4\pi}\int_{|\omega|=1}F(|x+c(t-s)\omega|, s)\ ds= \frac{1}{2cr}\int\int_{D_{c}(r,t)}\lambda F(\lambda, s)d\lambda ds$,
$D_{\mathrm{c}}(r, t)=\{(\lambda, s)\in[0, \infty)^{2} : 0\leq s\leq t, |c(t-s)-r|\leq\lambda\leq c(t-s)+r\}$
.
Lemma 2. $\nu\in \mathrm{R},$ $\kappa>0$ , $C=C(\nu, \kappa)$
$\int_{|t-r|}^{t+r}\frac{1\mathrm{o}\mathrm{g}^{\nu}(2+\rho)}{(\mathrm{l}+\rho)^{1+\kappa}}d\rho\leq\frac{C\min\{t,r\}1\mathrm{o}\mathrm{g}^{\nu}(2+|t-r|)}{(1+t+r)(1+|t-r|)^{\kappa}}$, $(r, t)\in[0, \infty)^{2}$
.
Proof. $\nu=0$ , , [9] . , $\nu>0$ .
$f( \rho)=\frac{1\mathrm{o}\mathrm{g}^{\nu}(2+\rho)}{(2+\rho)^{\kappa/2}}$ $(\rho\geq 0)$ , $\rho_{0}=\max\{e^{2\nu/\kappa}-2,0\}$
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. , $|t-r|\leq\rho_{0}$ , $0<f(0)\leq f(|t-r|)\leq f(\rho_{0})\leq Cf(0)$ ‘
,
$\int_{|t-r|}^{t+r}\frac{1\mathrm{o}\mathrm{g}^{\nu}(2+\rho)}{(\mathrm{l}+\rho)^{1+\kappa}}d\rho\leq f(\rho_{0})\int_{|\mathrm{t}-r|}^{\mathrm{t}+r}\frac{d\rho}{(1+\rho)^{1+\sim/2}}.\leq\frac{C\min\{t,r\}f(0)}{(1+t+r)(1+|t-r|)^{\kappa/2}}$
$C \min\{t, r\}f(|t-r|)$ , $C \min\{t, r\}\log^{\nu}\underline{(2+|t-r|)}$
$\leq\frac{\backslash \prime J\vee\backslash |ll}{(1+t+r)(1+|t-r|)^{\kappa/2}}\leq\overline{(1+t+r)(1+|t-r|)^{\kappa}}\sim-\sim--$
.





, $C(\kappa^{*})>0$ , $I_{\kappa}\cdot(r, t)\geq C(\kappa^{*})$ $t>r>0$
( [9]). , $\kappa\leq\kappa^{*}$ $I_{\kappa}(r, t)\geq I_{\kappa}\cdot(r, t)$
, .
2.3. Theorem 1 : , (1.5) $K_{\mathrm{c}}[\varphi, \psi](t, x)$
$|K_{\mathrm{c}}[\varphi, \psi](t, x)|<\sim||(\varphi,\psi)||_{Y(\kappa)}\langle t+|x|\rangle^{-1}\langle d-|x|\rangle^{-(\kappa-1)}$ $(\kappa>1)$ (2.15)
. , Lemna 1 Lemma 2 $(\nu=0)$
. , :
Proposition 1. , $a_{1},$ $a_{2}>0,$ $\mu_{1},$ $\mu_{2},$ $\kappa_{1},$ $\kappa_{2}\geq 0$ . $a_{1}\neq a_{2}$
$\mathrm{F}\mathrm{f}$ ,
$\langle t+|x|\rangle\langle a_{0}t-|x|\rangle^{m_{0}}|L_{a\mathrm{o}}[uv](t, x)|\leq$ (2.16)
$\sim<[1+\lambda f_{0}\log(1+\langle a_{0}t-|x|\rangle)]||u||_{X(a_{1\prime}\mu_{1},\kappa_{1})}||v||_{X(a_{2},\mu_{2},\kappa_{2})}$
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. , $m_{0}$ , J :
$m_{0}=\{$
$\mu_{1}+\mu_{2}-2+(t_{\acute{\mathrm{b}}}1\Lambda\kappa_{2})$ if $\kappa_{1}\vee\kappa_{2}\geq 1,$ $\mu_{1}+\mu_{2}+(\kappa_{1}\Lambda\kappa_{2})>2$
’




Proof. $\kappa_{1}\vee\kappa_{2}\neq 1$ , [15] Proposition 2.1 , $\kappa_{1}\vee\kappa_{2}=1$
. , $\kappa_{1}\geq\kappa_{2}$ , $\kappa_{1}=1$ . ,
, $a_{0}=1$ . Lemma 1 , $(t, x)\in[0, \infty)\mathrm{x}\mathrm{R}^{3}$ ,
$r=|x|$
$|L_{1}[uv](t, x)|<\sim||u||_{X(a_{1},\mu_{1},\kappa_{1})}||v||x(a_{2},\mu_{2},\kappa_{2})I1(r, t)$ , (2.17)
$I_{1}(r,t)= \frac{1}{2r}\int\int_{D_{1}(r,t)}\frac{\lambda d\lambda ds}{(1+s+\lambda)^{\mu_{1}+\mu 2}(1+|a_{1}s-\lambda|)^{\kappa_{1}}(1+|a_{2}s-\lambda|)^{\kappa_{2}}}$,
$D_{1}(r, t)=\{(\lambda, s)\in[0, \infty)^{2} : 0\leq s\leq t, |t-s-r|\leq\lambda\leq t-s+r\}$
. , $\xi=s+\lambda,$ $\eta=s-\lambda$
$I_{1}(r, t) \sim<\frac{1}{r}\int_{|t-r|}^{t+\mathrm{r}}\frac{I_{2}(\xi)}{(1+\xi)^{\mu_{1}+\mu_{2}-1}}\not\in$, (2.18)
$I_{2}( \xi)=\int_{-\xi}^{\xi}(1+|\eta-\frac{1-a_{1}}{1+a_{1}}\xi|)^{-\kappa_{1}}(1+|\eta-\frac{1-a_{2}}{1+a_{2}}\xi|)^{-\kappa_{2}}d\eta$


















. , (2.17), (2.18), (2.20) Le a 2 $(\nu=1)$ ,
.
$\text{ },$ $a_{0}=c_{j},$ $a_{1}=c_{k},$ $a_{2}=c_{l},$ $\mu_{1}=p_{jkl},$ $\mu_{2}=q_{jkl},$
$\kappa_{1}=p_{\mathrm{j}kl}(\kappa-1),$ $\kappa_{2}=q_{jkl}(\kappa-1)$
, Proposition 1
$\langle t+|x|\rangle\langle cjt-|x|\rangle^{m\mathrm{o}}|L_{c_{j}}[|u_{k}|^{p_{\hat{J}^{kl}}}|u_{l}|^{q_{jk1}}](t, x)|\leq$ (2.21)
$\sim<[1+m_{0}\log(1+\langle c_{j}t-|x|\rangle)]|||u_{k}|^{pjk1}||_{X(c_{k},p_{jkl},\kappa_{1})}|||u_{l}|^{q\mathrm{j}kl}||_{\lambda’(qjk\iota,\kappa 2}c_{\mathfrak{l}\prime})$
.
Case 1: “$\kappa\geq 2/\alpha,$ $1<\alpha<2$” “$\kappa>2,$ $\alpha=1$”
(2.21) ,
$||L_{\mathrm{c}_{\mathrm{j}}}[|u_{k}|^{p_{jkl}}|u_{l}|^{qjkl}]||_{X(c_{j\prime}1,n-1)}\sim<||u_{k}|[_{\lambda(\mathrm{c}_{k},1,\kappa-1)}^{p_{jkl}},.||u_{l}||_{X](\mathrm{c}_{l},1,\kappa-1)}^{q_{jkl}}$ (2.22)
. , $1<\alpha<2,$ $\kappa\geq 2/\alpha$ , $m_{0}>\kappa-1(\kappa_{1}\vee\kappa_{2}\geq 1);m_{0}\geq\kappa-1$
$(\kappa_{1}\vee\kappa_{2}<1)$ . , $\alpha=1,$ $\kappa>2$ , $pj\text{ }=qj\text{ }=1,$ $\kappa_{1}\vee\kappa_{2}=\kappa-1>1$
, $m_{0}=\kappa-1$ . , , (2.9)
$X$ .
Case 2: “$\kappa=2,$ $\alpha=1$”
$c_{*}:= \max${ $c_{1},$ $\cdots$ , } . , $2c_{*}t\geq|x|$ , (2.21)
$\langle t+|x|\rangle\langle cjt-|x|\rangle|L_{\mathrm{c}_{j}}[|u_{k}||u\iota|](t, x)|\sim<\log(2+t)||u_{k}||_{X(\mathrm{c}_{k},1,1)}||u\iota||_{X(\mathrm{c}_{l},1,1)}$ (2.23)
. , $2c_{*}t\leq|x|=:r$ , $(\lambda, s)\in D_{\mathrm{c}_{j}}(r, t)(j=1, \cdots,m)$
r-\lambda \leq |r-\lambda |\leq cj(t-s)\leq 2 (t-s)
, $2c_{*}s\leq\lambda$ . , $\langle c_{k}s-\lambda\rangle(k=1, \cdots, m)$ $\langle s+\lambda\rangle$
. , Proposition 1
$\langle t+|x|\rangle\langle cjt-|x|$ ) $|L_{\mathrm{c}_{j}}$ [lukllull]( $x$) $|<\sim||u_{k}||_{X(c_{k},1,1)}||u\iota||_{\lambda’(c_{\mathrm{t}},1,1)}$
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. , (2.23) $(t, x)\in[0, \infty)\mathrm{x}\mathbb{R}^{3}$ . $\log(2+t)$
, lifespan $T(\epsilon)$ (2.14) .
, $T(\epsilon)$ . ,
$\varphi_{j}(x)\equiv 0$ , $\psi_{j}(x)=\epsilon\langle x\rangle^{-3}$
. , $(0, \epsilon\langle x\rangle^{-3})\in Y(2)$ . Lemma 1 Lemma 3
$K_{\mathrm{c}_{j}}[0, \psi_{j}](t, x)$ $=$ $\frac{\epsilon}{2c_{j}|x|}\int_{|\mathrm{c}_{\mathrm{j}}t-|x||}^{\mathrm{c}_{j}t+|oe|}\rho\langle\rho\rangle^{-3}d\rho$ (2.24)
$\geq$ $C\epsilon(t+|x|)^{-1}(c_{j}t-|x|)^{-1}$
$c_{j}t>|x|,$ $j=1,$ $\cdots,$ $m$ .
, $c,$ $y>0,$ $\mu,$ $m\geq 0$ :
$\langle u\rangle_{c,\mu,m}(y)=\inf_{(t,x)\in\Sigma(c,y)}(t+|x|)^{\mu}(d-|x|)^{m}|u(t, x)|$ , (2.25)
$\Sigma(c, y)=\{(t, x)\in[0, \infty)\mathrm{x}\mathrm{R}^{3} : d-|x|\geq cy\}$ .
(2.24)
$\langle$ $K_{\mathrm{c}_{j}}[0, \psi_{j}])_{c_{j},1,1}(y)\geq C\epsilon$ (2.26)
. , ( [15], Lemma 2.5):
Proposition 2. $a_{0},$ $a_{1},$ $a_{2}>0_{2}\alpha>0,$ $\mu,$ $\kappa\geq 0$ . $a_{1}\leq a_{2}$ ,
$\langle L_{a0}[R_{\mu,\kappa}(f)]\rangle_{a_{0},1,m_{0}}(y)\geq C\int_{\alpha}^{y}(1-\frac{\eta}{y})^{2}f(\eta)d\eta$ (2.27)





. $y\geq 1$ , (2.9), (2.26) ,
$U_{j}(y) \geq C(\epsilon+\sum_{k\neq l}\{L_{\mathrm{c}_{j}}[|u_{k}||u_{l}|]\rangle_{\mathrm{c}_{\mathrm{j}},1,1}(y))$
(2.29)
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. $k\neq l$ ) $c_{k}\leq c_{l}$ . , $(t, x)\in$
$\Sigma(c_{k}, (c_{k}t-|x|)/c_{k})\cup\Sigma(c_{l}, (c_{k}t-|x|)/c_{k})$ ,
$|u_{k}(t, x)||u_{l}(t, x)| \geq\frac{U_{k}((c_{k}t-|x|)/c_{k})U_{l}((c_{k}t-|x|)/c_{k})}{(t+|x|)^{2}(c_{k}t-|x|)(c_{l}t-|x|)}.\cdot$
. , $f(\eta)=U_{k}(\eta)U_{l}(\eta)/\eta,$ $\mu=2,$ $\kappa=1,$ $\alpha=1,$ $a_{0}=c_{j},$ $a_{1}=c_{k},$ $a_{2}=$
, Proposition 2
$\langle|L_{\mathrm{c}_{\mathrm{j}}}[|u_{k}||u_{l}|]\rangle_{\mathrm{c}_{\mathrm{j}},1,1}(y)\geq C\int_{1}^{y}(1-\frac{\eta}{y})^{2}U_{k}(\eta)U_{l}(\eta)\frac{d\eta}{\eta}$ $(y\geq 1)$
. , $U(y)= \min_{1\leq j\leq m}U_{j}(y)$ , (2.29) ,
$U(y)\geq C_{1}\epsilon$ , $U(y) \geq C_{2}\int_{1}^{y}(1-\frac{\eta}{y})^{2}U(\eta)^{2}\frac{d\eta}{\eta}$ $(y\geq 1)$
. , [15] Lemma 63 $\alpha=1,$ $\beta=0,$ $m=1,$ $p=2$ ,
(2.14) . Theorem 1 .
3.
, (2.7) (2.8) , (2.9) .
, . ,
, .
, (2.8) , .
, (2.8) , . ,
:
$\{$
$(\partial_{t}^{2}-c_{1}^{2}\Delta)u_{1}=|u_{1}||u_{2}|$ , $(t, x)\in[0, \infty)\mathrm{x}\mathbb{R}^{3}$ ,
$(\partial_{t}^{2}-c_{2}^{2}\Delta)u_{2}=|u_{1}|^{q}$, $(t, x)\in[0, \infty)\mathrm{x}\mathbb{R}^{3}$ .
(3.1)
,
$u_{j}(0, x)=\varphi_{j}(x)$ , $\partial tuj(0, x)=\psi j(x)$ , $x\in \mathrm{R}^{3}(j=1,2)$ (3.2)
. , $q>2,$ $\varphi_{j},$ $\psi_{j}\in C_{0}^{\infty}(\mathrm{R}^{3})$ . , [15] Theorem 1.4 Theorem
15
Theorem 2. (i) $2<q<3$ , (SG) .
(ii) $q>3$ , (SG) .
(iii) $q=3$ . $c_{1}\geq c_{2}$ , (SG) , $f$ $c_{1}<c_{2}$ , (SG)
.
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: , , “ $(\mathrm{S}\mathrm{G})$ ” . ,
$q>3$ . $(\varphi_{j}, \psi_{j})$ $(\varphi_{j)}\psi_{j})\in Y(q-1)$ , Lemma 2.1
Lemma 22 $(\nu=0)$
$|K_{\mathrm{c}}[\varphi, \psi](t, x)|\leq||(\varphi, \psi)||_{Y(q-1)}\langle t+|x|\rangle^{-1}\langle d-|x|\rangle^{-(q-2)}$ (3.3)
. , Proposition 1 $v\equiv 1,$ $\mu_{2}=\kappa_{2}=0$ , :
Proposition 3. $a,$ $b>0,$ $\mu,$ $\kappa\geq 0$ ,
$\langle t+|x|\rangle(at-|x|)^{\kappa’}|L_{a}[u](t, x)|\leq[1+M_{0}\log(1+\langle at-|x|\rangle)]||u||x(b,\mu,\kappa)$,
. , $\kappa’,$ $M_{0}$ :
$\kappa’=\{$
$\mu-2$ if $\kappa\geq 1,$ $\mu>2$




, $a_{0}=c_{1},$ $a_{1}=c_{1},$ $a_{2}=c_{2},$ $\mu_{1}=\mu_{2}=1,$ $\kappa_{1}=\kappa_{2}=q-2$ Proposition 1
, $q>3$ ,
$\langle t+|x|\rangle\langle c_{1}t-|x|\rangle^{q-2}|L_{c_{1}}[|u_{1}||u_{2}|](t, x)|\sim<||u_{1}||_{X(\mathrm{c}_{1},1,q-2)}||u_{2}||_{X(c_{2},1,q-2)}$
. , $a=c_{2},$ $b=c_{2},$ $\mu=q,$ $\kappa=q(q-2)$ Proposition 2 , $q>3$
,
$\langle t+|x|\rangle\langle c_{2}t-|x|\rangle^{q-2}|L_{c_{2}}[|u_{1}|^{3}](t, x)|\sim<(||u_{1}||_{X(c_{1},1,q-2)})^{3}$
. , (3.1)-(3.2) , $X(c_{1},1, q-2)\mathrm{x}X(c_{2},1, q-2)$
.
, $q=3,$ $c_{1}<c_{2}$ . ,
$W_{j}$ , $W_{1}\mathrm{x}W_{2}$ :
$W_{j}=\{f\in C([0, \infty)\mathrm{x}\mathrm{R}^{3}) : ||f||_{W_{j}}<\infty\}$ $(j=1,2)$ ,
$||f||_{W_{\mathrm{j}}}=$ $\sup$ $w_{j}(|x|,t)|f(t, x)|$ .
(t,x)\epsilon [0, )xR3
60
$w_{1}(r, t)$ $=$ $\langle t+r\rangle\langle c_{1}t-r\rangle^{\kappa}z_{1}(r, t)$ ,
$z_{1}(r, t)$ $=$ $\{$
1, $(r, t)\in\Omega_{1}$
$\{1+\frac{c_{2}t-r}{r}\log(2+c_{2}t-r)\}^{-1}$ , $(r, t)\in\Omega_{2}$ ,
$\log^{-2}(2+|c_{1}t-r|)$ , $(r, t)\in\Omega_{3}$
$w_{2}(r,t)$ $=$ $\{$
$\langle t+r\rangle\langle c_{2}t-r\rangle^{3\kappa}$ , $(r, t)\in\Omega_{1}$
$\langle t+r\rangle\langle c_{2}t-r\rangle$, $(r, t)\in\Omega_{2}$ .
$\langle t+r\rangle\langle c_{2}t-r\rangle$ , $(r, t)\in\Omega_{3}$
, $1/3<\kappa<1$ ,
$\Omega_{1}=\{(r, t)\in[0, \infty)^{2} : c_{2}t\leq r\}$ ,
$\Omega_{2}=$ { $(r,$ $t)\in[0$ , )2 : $(c_{1}+c_{2})t/2\leq r\leq c_{2}t$ },
$\Omega_{3}=\{(r, t)\in[0, \infty)^{2} : r\leq(c_{1}+c_{2})t/2\}$ .
, $X(c_{1},1, \kappa)arrow W_{1},$ $X(c_{2},1,3\kappa)rightarrow W_{2}$ ,
$||K_{c_{1}}[\varphi_{1}, \psi_{1}]||_{W_{1}}\leq||(\varphi_{1},\psi_{1})||_{Y(\kappa)}$, $||K_{\mathrm{c}_{2}}[\varphi_{2},\psi_{2}]||_{W_{2\sim}}<||(\varphi_{2}, \psi_{2})||_{Y(3\kappa)}$ (3.4)
. , , (3.1)-(3.2)
, $W_{1}\mathrm{x}W_{2}$ .
Proposition 4. $c_{1}<c_{2},1/3<\kappa<1$ ,
$||L_{\mathrm{C}1}[fg]||w_{1\sim}<||f||_{W_{1}}||g||_{ll^{\prime_{2}}}$ , $||L_{\mathrm{c}2}[f^{3}]||_{W_{2\sim}}<||f||_{W_{1}}^{3}$
.
Proof. Lemma 1 , $(t, x)\in[0, \infty)\cross \mathrm{R}^{3}$ ,
$|L_{c_{1}}[fg](t,x)|\leq||f||_{W_{1}}||g||_{W_{2}}I(r,t)$ , $I(r,t)= \frac{1}{2c_{1}r}$ $\int\int$
D ’(r,t)
$\frac{\lambda d\lambda ds}{w_{1}(\lambda,s)w_{2}(\lambda,s)}$
. , $(r, t)\in[0, \infty)^{2}$ , $I(r,t)\leq\{w_{1}(r, t)\}^{-1}$ , 1
. $\xi=c_{1}s+\lambda,$ $\eta_{j}=c_{j}s-\lambda(j=1,2)$ ,
$I_{j}(r, t)= \frac{1}{2c_{1}r}\int\int_{D_{\mathrm{c}_{1}}(r,t)\cap\Omega_{j}}\frac{\lambda d\lambda ds}{u11(\lambda,s)w_{2}(\lambda,s)}$ $(j=1,2,3)$
. $(\lambda, s)\in\Omega_{1}\cup\Omega_{2}$ , $\langle c_{1}s-\lambda\rangle$ $\langle s+\lambda\rangle$ , $(\lambda, s)\in\Omega_{3}$ ,
$\langle c_{2}s-\lambda\rangle$ $\langle s+\lambda\rangle$ .
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, $I_{1}(r, t)$ . $3\kappa>1$ , $(r, t)\in[0, \infty)^{2}$ ,
$I_{1}(r, t)$ $\sim<$ $\frac{1}{r}\int\int_{D_{\mathrm{c}_{1}}(r,t)\cap\Omega_{1}}(1+\lambda+s)^{2+r}‘\cdot(1+\lambda-c_{2}s)^{3\kappa}\lambda d\lambda ds$
$\leq$ $\frac{1}{r}\int_{|\mathrm{c}_{1}t-r|}^{\mathrm{c}_{1}t+r}\frac{1}{(1+\xi)^{1+\kappa}}(\int_{-\xi}^{0}\frac{d\eta_{2}}{(1-\eta_{2})^{3\kappa}})d\xi\leq\frac{1}{r}\int_{|c_{1}t-r|}^{\mathrm{c}_{1}t+r}\frac{1}{(1+\xi)^{1+\kappa}}d\xi$ .
, Lemma 2 , $1/z_{1}(r,t)\geq 1$ ,
$I_{1}(r, t)< \sim\frac{1}{w_{1}(r,t)}$, $(r, t)\in[0, \infty)^{2}$ (3.5)
. , $(r, t)\in\Omega_{1}$ , $D_{c_{1}}(r, t)\subset\Omega_{1}$ , $I(r, t)=I_{1}(r, t)$ ,
.
, $(r, t)\in\Omega_{2}$ . , $I(r, t)=I_{1}(r, t)+I_{2}(r, t)$ , (3.5) $I_{2}(r, t)$
. ,
$I_{21}(r, t)= \frac{1}{2c_{1}r}\int\int_{D_{\mathrm{c}_{1}}(r,t)\cap\Omega_{2}}\frac{\lambda}{(s+\lambda\rangle^{2+\kappa}\langle c_{2}s-\lambda\rangle}d\lambda ds$ ,
$I_{22}(r, t)= \frac{1}{2c_{1}r}$ $\int\int$
D l
$(r,t) \cap\Omega_{2}\frac{(c_{2}s-\lambda)1\mathrm{o}\mathrm{g}(2+c_{2}s-\lambda)}{\langle s+\lambda\rangle^{2+\kappa}\langle c_{2}s-\lambda\rangle}d\lambda ds$
, I2 $(r, t)=I_{21}(r,t)+I_{22}(r, t)$ , ,
$I_{21}(r, t)< \sim\frac{1}{r}\int_{0}^{c_{2}t-r}\int_{\xi(\eta_{2})}^{r+e_{1}t}.\frac{1}{(1+\xi)^{1+\kappa}(1+\eta_{2})}d\xi d\eta_{2}$,




r+clt-\mbox{\boldmath $\xi$} (\eta 2) $\leq\frac{2c_{1}}{c_{2}-c_{1}}(c_{2}t-r)$ , $\xi^{*}(\eta_{2})\geq r-c_{1}t$
,
$I_{21}(r, t)$ $\frac{1}{r}\int_{0}^{\mathrm{c}_{2}t-r}\frac{r+c_{1}t-\xi^{*}(\eta_{2})}{(1+\xi^{*}(\eta_{2}))^{1+\kappa}(1+\eta_{2})}d\eta_{2}$ (3.6)
$\frac{(c_{2}t-r)1\mathrm{o}\mathrm{g}(2+c_{2}t-r)}{r(1+r-c_{1}t)^{1+\kappa}}$ ,
$I_{22}(r, t)$ $\sim<$ $\frac{1}{r}\int_{f-\mathrm{c}_{1}t}^{\mathrm{r}+c_{1}t}\frac{d\xi}{(1+\xi)^{2+\kappa}}\int_{0}^{c_{2}t-r}\log(2+\eta_{2})d\eta_{2}$ (3.7)
$\sim<$ $\frac{(c_{2}t-r)1\mathrm{o}\mathrm{g}(2+c_{2}t-r)}{(1+t+r)(\mathrm{l}+r-c_{1}t)^{1\dagger\kappa}}$
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. $\Omega_{2}$ , $(1+r-c_{1}t)$ $(1+t+r)$ ,
$I_{2}(r, t)< \sim\frac{1}{w_{1}(r,t)}$ , $(r, t)\in\Omega_{2}$
. , $(r, t)\in\Omega_{2}$ , .
, $(r, t)\in\Omega_{3}$ . , $I(r, t)=I_{1}(r, t)+I_{2}(r, t)+I_{3}(r, t)$ . Lemma 2
,
$I_{2}(r, t)$ $\sim<$ $\frac{1}{r}\int_{|\mathrm{c}_{1}t-r|}^{\mathrm{c}_{1}t+r}\frac{1}{(1+\xi)^{1+\kappa}}(\int_{0}^{c_{2}\xi/\mathrm{c}_{1}}\frac{\log(2+\eta_{2})}{1+\eta_{2}}d\eta_{2})d\xi$ (18)
$\leq$ $\frac{1}{r}\int_{|\mathrm{c}_{1}t-r|}^{\mathrm{c}_{1}t+r}\frac{1\mathrm{o}\mathrm{g}^{2}(2+\xi)}{(\mathrm{l}+\xi)^{1+\kappa}}d\xi<\sim\frac{1\mathrm{o}\mathrm{g}^{2}(2+|c_{1}t-r|)}{(1+t+r)(1+|c_{1}t-r|)^{\kappa}}$
. , $\kappa<1$ , Lemma 2 ,
$I_{3}(r, t)$ $\sim<$ $\frac{1}{r}\int_{|\mathrm{c}_{1}t-r|}^{\mathrm{c}_{1}t+r}\frac{1}{(1+\xi)^{2}}(\int_{-\xi}^{\xi}\frac{1\mathrm{o}\mathrm{g}^{2}(2+|\eta_{1}|)}{(1+|\eta_{1}|)^{\kappa}}d\eta_{1})d\xi$ (3.9)
$\sim<$ $\frac{1}{r}\int_{|c_{1}t-r|}^{\mathrm{c}_{1}t+r}\frac{1\mathrm{o}\mathrm{g}^{2}(2+\xi)}{(\mathrm{l}+\xi)^{1+\kappa}}d\xi\leq\frac{1\mathrm{o}\mathrm{g}^{2}(2+|c_{1}t-r|)}{(1+t+r)(1+|c_{1}t-r|)^{\kappa}}$
. , (3.5) , $(r, t)\in\Omega_{3}$ ,
.
, Proposition 4 2 . Lemma 1 , $(t, x)\in[0, \infty)\mathrm{x}\mathrm{R}^{3}$
,
$|L_{\mathrm{c}_{2}}[f^{3}](t, x)|\leq||f||_{W_{1}}^{3}J(r, t)$ , $J(r, t)= \frac{1}{2c_{2}r}$ $\int\int$
D 2(l, $t$)
$\frac{\lambda d\lambda ds}{w_{1}(\lambda,s)^{3}}$
. , $(r, t)\in[0, \infty)^{2}$ , $J(r, t)\leq\{w_{2}(r,t)\}^{-1}$ .
$\xi=c_{2}s+\lambda,$ $\eta_{j}=c_{j}s-\lambda(j=1,2)$ ,
$J_{j}(r, t)= \frac{1}{2c_{2}r}\int\int_{D_{\mathrm{c}_{2}}(r,t)\cap\Omega_{j}}\frac{\lambda d\lambda ds}{w_{1}(\lambda,s)^{3}}$ $(j=1,2,3)$
.
, $J_{1}(r, t)$ . $(r, t)\in[0, \infty)^{2}$ ,
$J_{1}(r, t)$ $\sim<$ $\frac{1}{r}\int\int_{D_{\epsilon_{2}}(r,t)\cap\Omega_{1}}\frac{\lambda d\lambda ds}{(1+\lambda+s)^{3+3\kappa}}$ (3.10)
$\sim<$ $\frac{1}{r}\int_{|\mathrm{c}_{2}t-t|}^{c_{2}t+f}\frac{1}{(1+\xi)^{2+3\kappa}}(\int_{-\xi}^{0}d\eta_{2})d\xi<\sim\frac{1}{r}\int_{|\mathrm{c}_{2}t-r|}^{\mathrm{c}_{2}t+r}\frac{d\xi}{(1+\xi)^{1+3_{\hslash}}\backslash }$
. , Lemma 2 ,
$J_{1}(r,t)< \sim\frac{1}{w_{2}(r,t)}$ , $(r,t)\in[0, \infty)^{2}$ (3.11)
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. , $(r, t)\in\Omega_{1}$ , $J(r, t)=J_{1}(r, t)$ ,
.
, $(r, t)\in\Omega_{2}\cup\Omega_{3}$ . $3\kappa>1$ , Lerruna 2 ,
$J_{2}(r, t)$ $\sim<$ $\frac{1}{r}\int_{c_{2}t-r}^{c_{2}t+r}\frac{1}{(1+\xi)^{2+3\kappa}}(\int_{0}^{\xi}\log^{3}(2+\eta_{2})d\eta_{2})d\xi$
$\leq$ $\frac{1}{r}\int_{c_{2}t-f}^{c_{2}t+r}\frac{1\mathrm{o}\mathrm{g}^{3}(2+\xi)}{(\mathrm{l}+\xi)^{1+3\kappa}}d\xi\sim\frac{1\mathrm{o}\mathrm{g}^{3}(2+c_{2}t-r)}{(1+t+r)(1+c_{2}t-r)^{3\kappa}}<$ (3.12)
$\sim<$ $\frac{1}{(1+t+r)(1+c_{2}t-r)}$
. , $3\kappa>1$ ,
$J_{3}(r, t)$ $\leq$ $\frac{1}{r}\int_{\mathrm{c}_{2}t-r}^{c_{2}t+r}\frac{1}{(1+\xi)^{2}}(\int_{-\xi}^{c_{1}\xi/\mathrm{c}_{2}}\frac{1\mathrm{o}\mathrm{g}^{6}(2+|\eta_{1}|)}{(1+|\eta_{1}|)^{3\kappa}}d\eta_{1})d\xi$ (3.13)
$\sim<$ $\frac{1}{r}\int_{c_{2}t-r}^{c_{2}t+r}\frac{d\xi}{(1+\xi)^{2}}\sim<\frac{1}{(1+t+r)(1+c_{2}t-r)}$
. , (3.11) , . , Propsoition
4 . $\square$
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